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SummaηAdrenodoxin has been reported to be heterogenously distributed among 
the mitochondria within a single parenchymal cel of the adrenal cortex by a pre.embedding 
immunocytochemical method with horseradish peroxidase.labeled Fab' antibodies. Using 
various immunoelectron microscopic techniques， 1 re.examined the distribution of 
adrenodoxin among the mitochondria in the parenchymal cells of bovine adrenal cortex. By 
post.embedding immunocytochemistry in combination with the protein A-gold technique， 
gold partic1es were seen on al the mitochondria examined in the parenchymal. cels. By 
non.embedding immunocytochemistry Cimmuno.cryoultramicrotomy) in combination with 
the protein A-gold technique or a peroxidase.labeled streptavidin.biotin method， al of the 
mitochondria examined in the parenchymal cells were labeled with gold partic1es or 3， 
3' .diaminobenzidine reaction products. By pre.embedding immunocytochemistry examining 
transverse ultrathin sections prepared from cryostat sections， the mitochondria in contact 
with the surface of the cryostat sections were stained at a higher percentage than the 
mitochondria within the cryostat sections. These results suggest that adrenodoxin is 
distributed homogeneously among the mitochondria within a parenchymal cel and that 
mitochondrial heterogeneity is caused by uneven antibody penetration into mitochondria in 
the pre.embedding method. Within the mitochondria in the parenchymal cells， adrenodoxin 
was stained on the matrix and inner mitochondrial membrane. Adrenodoxin was also 
stained on the round and electron.dense intramitochondrial bodies， which were often 
observed in the mitochondria of parenchymal cel1s in the zona glomerulosa and in the outer 
layer of the zona fasciculata. By quantitative immunoelectron microscopy， the density of 
gold partic1es on mitochondria in the parenchymal cells of the zona glomerulosa was two 
to three fold lower than that of the zona fasciculata， while that of the zona reticularis was 
similar to that of the zona fasciculata. The merits and demerits of pre剛， post.， and non. 
embedding immunocytochemistry are discussed. 
Index Terms 































































在し，また，同一細胞内ミトコンドリア間で，これら酵 シの死後l時間以内〔朝 7時から 10時の間〉に副腎を
素を大量に含むものからまったく含まないものまで，そ 1mmの厚さでスライスし，以下の種々の国定液で 0-4'
の存在量においてミトコンドリア聞で、木均一性(heter- Cで3-8時間固定した.固定液は， 1)2% glufaralde-
ogeneity)に富んでし、るという報告がなされてい hyde(GA)-2% paraformaldehyde(PFA)-0.1 M燐酸
る8)9)10) 別のグループは同様の pre-embedding法によ 緩衝液pH7.4(PB)， 2)2% GA-1% PFA-0.1 M PB， 
り， P-450(SCC)とP-450(11β〉に関して陽性のミトコン 3)1% GA-l% PFA-0.1 M PB， 4)0.5% GA-2% PFA 
ドリアと陰性のミトコンドリア聞に形態に違いがないこ 0.1 M PB， 5)0.I%GA-2% PFA-O.l M PB， 6)0.05% 
とから，このミトコンドリア聞における酵素存在量の不 GA-4% PFA-O.l M PB， 7)0.05% GA-4% PFA-0.21% 
均一性の存在を疑問視している11) pre-embedding法の ピグリン酸 0.1M PB， 8)2% PFA-0.21%ピクリン酸 O.
欠点として，抗体の浸透性が悪いということがあげられ 13 M PB， 9) P L P固定液(0.01M過ヨウ素酸ナトリウ
る.抗体は完全な生体膜を通過することが出来ず，固定 ムー0.075M リジン 2%PFA-0.037 M燐酸緩衝液 pH6. 
種々の免疫電子顕微鏡法を用いたウシ副腎皮質アドレノドキシンの局在 (113) 
2)を試した.glutaraldehyde濃度(0-2%)およびピクリ る.ニッケノレグリッド上の超薄切片を BSA-PBSで10
ン酸の添加は， post-embedding法と non-embedding法 分間の前処理をし， BSA-PBSで 100倍希釈した抗アド
における染色強度にほとんど影響を及ぼさなかったが， ノドキシン抗血清で一晩反応させた後， BSA-PBSで洗
pre-巴mbedding法においては，わずか 0.05%のglutaral回 浄し， 0.05%Tw白 n20 (Sigma)を含む BSA-PBSで50
dehyde添加によっても染色強度の著しい減退が認めら 倍希釈した proteinA -gold (5nm)液で、 2時間反応させ，
れた 0.05%Tween 20を含む BSA-PBSで洗浄し，更に BSA
post-embedding法に用いる組織は，主に 0.5% GA- -PBSで洗浄，蒸留水で洗浄後， 4%酢酸ウランで6分間，
2% PFA-O.l M PBで固定後， 0.1 M PBで1時間洗い Reynolds'lead citrat巴で 90秒間染色し，電子顕微鏡(日
50%， 70%， 90%， 100%エタノーノレで脱水した後，低温包 本電子 JEM1200EX)で観察した.
埋樹脂 LowicrylK4Mに包埋し，紫外線照射を 40Cで3 対照実験として，抗アドレノドキシン抗血清と精製ア




PFA-O.l MPBで固定後， 2.3 M sucrose-50 mM  PBに 抗血清を正常ウサギ血清に代えて反応させた.
1時間浸透させた後，液体窒素で凍結し， Reich巴rt社 non-embedding法における免疫細胞化学的染色
FC4で作成した凍結超薄切片をニッケノレグリッドに拾 Tokuyasu7)の方法を少し改変して行った.ニッケノレ
い，免疫細胞化学的染色をおこなった. グリッド上の凍結超薄切片会 PBSで洗浄， 2% gelatin 
pre-embedding法に用いる組織は，主に 4%PFA-O.l で 10分間の前処理をし， 0.1% gelatin-l0 mM glycine-
M PBで固定後，順に 10%，20%， 30% sucrose-O.l M 0.9% NaCl-50mM PB(GGPBS)で洗った後， 2% BSA 
PBに浸透させ，17リオスタット切片(20μm)を作成し -GGPBSで100倍希釈した抗アドレノドキシン抗血清
20mM PB-0.9% NaCl(PBS)で洗った後， PBS中に浮遊 で1時間反応させた.次に， GGPBSで洗浄し， 2%BSA 
させた状態で免疫細胞化学的染色をおこなった -GGPBSで50倍希釈した prot巴inA-gold(6nm)液と l
形態観察だけの通常の電子顕微鏡法に用いる組織は， 時間反応させた.この後 GGPBSで洗浄， O.IM PBで洗
0.5% GA-2% PFA-O.l M PBで固定後，更に 2%オス 浄， 2% glutaraldehyd巴-0.1M PBで20分間固定後，蒸






製アドレノドキシンで， OhashiとOmura15)の方法で免 pre-embedding ).去における免疫細胞化学的染色
疫したものを用いた.このアドレノノドキシン抗血清は， 厚さ 20μmのクリオスタット切片を，浮遊法により以
オグタロニ一二重拡散法により，精製アドレノドキシン 下の処理を行った. BSA-PBSで 10分間の前処理をし
および副腎皮質ミトコンドリアの超音波処理抽出液の両 た後， BSA-PBSで2000倍に希釈した抗アドレノドキ
者に対して，一本の沈降線を形成した. シン抗血清と 15時間反応させ，その後PBSで洗浄，
protein A-gold 液の調整 BSA-PBSで200倍希釈したピオチン化抗ウサギ IgG




















































































































































































































































































































































































































5. 固定:1-4% paraformaldehydeに， glutaralde-
修
hydeを含まない固定液と，種々の濃度(0.05%，0.1%， O. 
























7. protein A -goldの浸透性:小さな金粒子(3-5
nm)で、あっても， protein A -goldの組織への浸透性は，
抗体(IgG)，ベノレオキシダーゼ、標識 IgG，FITC標識 IgG
等に比べて極めて低い.こ〆のことは，光学顕微鏡用標本






protein A(分子量 42，000)の大きさは最大で 5nmと推
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種々の免疫電子顕微鏡法を用いたウシ副腎皮質アドレノドキシンの局在 (121) 
Explanations of figures. 
Fig. 1. Light-microscopic immunocytochemistry of adrenodoxin in bovine adrenal cortex. 
Semithin sections of Lowicryl K4M-embedded specimens were stained for adrenodoxin 
using protein A -gold technique followed by silv巴renhanc巴ment
a，b. The parenchymal cells in zona glomerulosa(G)， zona fasciculata(F)， and zona 
r巴ticularis(R)are stained for adrenodoxin. The capsules(C) of the glands and the cels 
of the medulla(M) are unstained. x40. Barニ 0.2mm.
c. A higher magnification of Fig.1a. The cytoplasm of the parenchymal cells is stained for 
adrenodoxin. Non-parenchymal cells are not stained. x150. Bar=O.l mm 
Fig.2-5 and 7. Electron-microscopicallocalization of adrenodoxin in bovine adrenal cortex by 
the post-巴mbeddingmethod in combination with the prot巴inA-gold t巴chnique.
Fig.2目 Par巴nchymalcells of the zona fascicu!ata. AlI th巴 mitotochondriaare labeled for 
adrenodoxin. In the mitochondria， matrix (arrowhead) and inner mitochondrial mem-
brane ar巴 labeld.x48000. Bar=200 nm 
Fig.3a -c. Parenchymal c巴lIsof the zona fasciculata. Round and electron-dense intramitochon-
drial bodies (arrows) are labeled for adrenodoxin. Nuclei(N)， Lipid droplet(L)， and 
rough endoplasmic reticulum are not lab巴led.x48000. Bar=200 nm. 
Fig.4aムPar巴nchymalcells of the zona glomerulosa. Th巴 matrixof the mitochondria (arrow-
heads)， inner mitochondrial membrane， and electron-dense intramitochondrial bodies 
(arrows) are labeled for adrenodoxin. Nuclei(N) 
a. x36000. Barニ200nm. b. x48000. Bar=200 nm 
Fig. 5. Parenchymal cells of the zona reticularis. All the mitochondria are lab巴ledfor 
adrenodoxin. In the mitochondria， matrix and inn巴rmitochondrial membrane are 
labeled. Nuclei(N). x48000. Bar=200nm 
Fig. 6. Histogram of densities (μmりofgold particles on each mitochondrion of parenchymal 
cells in the zona fasciculata and the zona glomerulosa. Mean:tS.D. of densities: zona 
fasciculata， 422.8:t59.3 (N=10); zona glomerulosa， 173.5士42.8(Nニ 12).P<O.OO1. Gold 
particles are homogenously distributed among the mitochondria in each zone. Density of 
gold particles on the mitochondria in the zona fasciclata is two to three fold higher than 
that in the zona glomerulosa. 
Fig.7aム Cytochemicalcontrol. Parenchymal cells of th巴 zonafasciculata w巴retreated with 
pre-adsorbed anti-adrenodoxin serum followed by prot巴inA -gold. Gold particles are not 
seen on the typical mito 
(122) 秦野 修
a. Stained and unstained mitochondria are intermingled within a single parenchymal cell. 
x18000. Bar=500 nm. 
b. Transverse ultrathin sections wer巴preparedfrom cryostat sections. The arrows show 
the mitochondria in contact with the surfac巴 ofthe cryostat section. xl0800. Bar=lμm. 
Fig.10，l1. Parenchymal cells of th巴 zonafasciculata stained for adrenodoxin by immuno. 
cryoultramicrotomy in combination with th巴proteinA -gold technique. 
Fig. 10. a. All of th巴mitochondriaare stained. The smooth endoplasmic reticulum is unstained. 
x27000. Bar=300 nm. 
b. The Golgi apparatus Carrowheads) are unstained. x36000. Bar=300 nm. 
Fig. 11. a. The matrix and th巴 inn巴rmitochondrial membrane are labeled with gold partic1es目
x54000. Bar=200 nm. 
b. lntamitochondrial bodies are labeled. x48000. Bar=200 nm. 
Fig目 12目 Parenchymalcells of the zona fasciculata stained for adrenodoxin by immuno. 
cryoultramicrotomy in combination with peroxidase.labeled streptavidin.biotin method. 
a. All of the mitochondria are stained. x7200. Bar= 1μm. 
b. 3，3'-diaminobenzidine reaction products are seen as electron.dense partic1es with a 













































Fig.6. Histogram of densities of gold particles on each皿itochondrion
io zona glo阻erulosa(闘)and zona fasciculata (悶)
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